Background: The phase change materials (PCMs) have the appropriate properties for controlling heat strain. One of the well-known PCMs is paraffin. This study aimed to design the cooling vest from the cheap commercial paraffin compound and evaluation of its effectiveness under laboratory hot conditions. Methods: the cooling vest was made of the polyester fabric and it had 17 aluminum packs. The each of aluminum packs was filled by 135 g of prepared paraffin with a proper melting point in the range of 15-35°C. an experimental study was conducted on ten male students under warm conditions (air temperature = 40°C, relative humidity = 40%) in a climatic chamber. Each participant was tested without cooling vest and with cooling in two activities rate on treadmill to include: light (2.8 km/h) and moderate (4.8 km/h). The time of this test was 30 min in each stage. During the test, the heart rate, the oral temperature, the skin temperature were measured every 4 min. Finally, data were analyzed using the Kolmogrov-Smirnov and repeated measurement ANOVA test in SPSS 16. Results: The latent heat of the prepared paraffin compound and the peak of the melting point were 108 kJ/kg and 30°C, respectively. The mean and standard deviation of heart rate, oral temperature, and skin temperature with cooling vest in light activity were 103.9 (12.12) beat/min, 36.77 (0.32)°C, and 31.01 (1.96)°C and in moderate activity were 109.5 (12.57) beat/min, 36.79 (0.20)°C, and 29.69 (2.23)°C, respectively. There is a significant difference between parameters with a cooling vest and without cooling (P < 0.05).
INTRODUCTION
Heat is considered as one of the harmful agents in many workplaces. The heat exposure will initially create the heat strain but in long-term exposures, it will cause some problems such as muscle cramps, heat stroke, heat syncope, heat exhaustion, less productivity, more accident rate and less safety level in workplaces. [1, 2] there are various strategies in the field of engineering and administrative controls To decrease heat strain. [3] The usage of personal cooling equipment is one of the strategies for decreasing heat strain in hot environments. [4] In general, cooling equipment can be divided into five groups: Evaporative cooling equipment, equipment based on phase change materials (PCMs), compressed air equipment, liquid circulation equipment, and thermoelectric equipment. [5] Among cooling equipment, PCMs cooling vest are of the cheapest, most mobile, and easiest equipment to wear. [6] PCMs as a medium for the storage of the latent heat energy are capable to change their phase in a certain temperature range during phase transitions between two states. [7] One of the well-known PCMs is paraffin. Paraffin is a family of hydrocarbons with the general formula of C n H 2n + 2 . [8] Paraffin materials have high boiling points and appropriate stability (up to 250°C). They are chemically stable, without phase segregation, with minimum sub-cooling during repetitive phase change, nontoxic, not corrosive, with low vapor pressure, odorless, and easily available. [7, [9] [10] [11] Furthermore, paraffin materials have disadvantages such as low thermal conductivity and low thermal storage density. [8] [9] [10] [11] [12] Pure paraffin materials are expensive but their commercial compound, which are consist of different hydrocarbons, are cheap in compared to pure paraffin materials. On the other hand, the mixture of the materials can provide operational PCMs to possess a different thermal freezing-melting range and close to skin temperature. [13, 14] Therefore, this study aimed to design the individual cooling vest using the cheap commercial paraffin compounds and then evaluation its effect on the heat strain parameters during physical effort under a hot condition in the climatic chamber.
METHODS
This study included three stages: Preparing the paraffin compound with a proper melting point, designing the cooling vest, and evaluation the cooling effect of the cooling vest.
Preparing the paraffin compound with proper melting point
For the appropriate performance of the PCMs, they should have a melting point lower than skin temperature and close to the skin temperature (15-35°C) to absorb sufficiently the heat and do not cause the skin irritation due to high coldness. [15] In this stage, it was prepared a composition of paraffin with a proper melting point in the range of 15-35°C from the cheap commercial paraffin compounds with a different melting point. It was used differential scanning calorimeter (DSC) technique to measure the accurate thermal properties of the paraffin such as melting point and latent heat. To analyze, it was used DSC 200 F3 Maia and aluminum pans. The analysis was performed with the constant increase in the temperature (10°C/min) at the thermal range −20-90°C and under a nitrogen gas flow of 50 ml/min, according to the method of ASTM D314-12. For calibrating the set, it was used indium before the test. [8] Designing the cooling vest At first, it was prepared packs of paraffin. Because of the low thermal conductivity of paraffin, the packs were made of aluminum with a thickness of 0.125 mm and a thermal conductivity 237 W/(m °K). The aluminum pack was filled by 135 g of paraffin. Then the packs were sealed by heat machine. The number of the packs in each cooling vest was 17 packs. Each pack weighed 140 g and the total weight of cooling vest was 2.5 kg. Since the fabric of the cooling vest was polyester in the number of studies to make the cooling vest, [16] [17] [18] the cooling vest in our study was made of the polyester fabric and designed with an adjustable pattern based on the size of different individuals. It was considered 17 pockets (8 pockets on the front and 9 pockets on the back of the torso) in the inside layer of the cooling vest for fitting the cooling packs. Figure 1 shows the designed cooling vest and its pack.
Evaluation the cooling effect of the cooling vest
For evaluating the effectiveness of cooling vest, an experimental study was carried out on ten healthy male students of the medical university of Isfahan, in 2015, in the climatic chamber of health school. The sampling method used in this study was nonprobabilistic sampling method. Inclusion criteria included no history of cardiovascular, respiratory, neuromuscular, and musculoskeletal diseases, epilepsy, seizure, diabetes, nonconsumption of high blood pressure drugs and medications affecting the heart rate, nonconsumption of coffee, caffeine, and alcohol from 12 h before the test. Exclusion criteria included the increased heart rate over 180 beats/min, oral temperature over 38.5°C and fatigue. [19] Candidates were examined by a physician for inclusion criteria and then the participants were selected. Also, they were asked to fill out the consent form developed by the medical ethics committee of the medical university of Isfahan. Also, they were talked about exclusion criteria and how to fill out the questionnaire and the test stages were clearly explained for them. It was gathered the participants' demographic information such as age. To assimilate the conditions of the cooling vests usage, all of the participants were asked to wear similar types of work clothes (30% polyester, 70% cotton). To charge cooling packs, the refrigerator was used. The study was conducted on the participants under hot and dry conditions (air temperature [Ta] of 40°C, relative humidity [RH] of 40%) in the climatic chamber. Each participant was tested 4 times. They were tested in the following stages: Without cooling vest with light activities, with paraffin cooling vest with light activities, without cooling vest with moderate activities, with paraffin cooling vest with moderate activities. The light activity was done on a treadmill (Kettler model) with the speed of 2.8 km/h and the slope of 0%, and the moderate activity was performed on the same treadmill with the speed of 4.8 km/h and the slope of 0%. [20] In each stage of performing the test, at first, the participants rested and relaxed for 30 min, and their oral temperature and heart rate were measured. After that, the participants worked out on a treadmill for 30 min. [21] To evaluate the heat strain, the heart rate, oral temperature, and skin temperature were measured. During the test, the heart rate was measured every 2 min (using a sports polar tester) and the oral temperature (using oral thermometer of Beurer with accuracy of 0.1°C) and the skin temperature (using a device for measuring the skin temperature model Sina RT-923 with accuracy of 0.01°C) were measured every 4 min. For measuring the amount of sweating, the participants' weight was measured before and after each stage of the activity (using a digital scale of Hamilton model with an accuracy of 0.1 kg). The participants did not drink anything during the activities. [22] To calculate the percentage of the reduced sweating during activities with cooling vest, the following formula was used: % RSw = 100 [(SwA -SwB)/SwA] % RSw: percentage of the reduced sweating during activities with cooling vest.
SwA: Sweating rate during activities without wearing cooling vest.
SwB: sweating rate during activities wearing cooling vest.
Finally, data were analyzed using the statistical package for the social sciences (SPSS) 16. KolmogrovSmirnov was performed to check the normality of data distribution, and repeated measurement ANOVA test was used to determine the P value. The significance level was 0.05 for all tests.
RESULTS
The results from paraffin thermal analysis by DSC technique showed that the latent heat of melting from the prepared composition of the paraffin was 108 kJ/kg. The range of phase change temperature was 24-34°C and the peak of the melting point was 30°C. The mean and standard deviation of the participant's age was 25.1 and 3.66, respectively. The values of the range, means, and standard deviation of the measured physical parameters are illustrated in Table 1 . Furthermore, Kolmogrov-Smirnov test showed that the distribution of the data was normal (P > 0.05). Moreover, the result of the statistical analysis showed that there was not significantly difference between the dry temperature and the RH with cooling vest and without cooling vest in both light and moderate activities and the conditions were equal in both steps. The means and the standard deviation of the dry temperature for both activities were 40.04 and 0.38, respectively. The means and the standard deviation of the RH for both activities were 40.74 and 0.45, respectively.
The mean values of the measured heart rate during 2 nd to 30 th min every 2 min with cooling vest and without cooling vest in two physical activity levels are presented in Figure 2 . The results showed that the difference for the mean values of the heart rate with cooling vest and without cooling vest during light activity (P < 0.001) and moderate activity (P < 0.001) were statistically significant. Furthermore, statistical analysis showed that the difference in the mean values of the variations of the heart rate in the activity time than the rest time with cooling vest and without cooling vest during both activities was statistically significant (P < 0.05).
The mean values of the measured oral temperature during 2 nd to 30 th min every 4 min with cooling vest and without cooling vest in two physical activity levels are shown in Figure 3 . There was a significant difference for the mean values of the oral temperature with cooling vest and without cooling vest during light activity (P = 0.049) and moderate activity (P < 0.001). Furthermore, the results showed that the difference in the mean values of the variations of the oral temperature in the activity time than the rest time with cooling vest and without cooling vest during both activities was statistically significant (P < 0.05).
The mean values of the measured skin temperature during 2 th to 30 th min every 4 min with cooling vest and without cooling vest in two physical activity levels are shown in Figure 4 . The results showed that the different for mean values of heart rate with cooling vest and without cooling vest during light activity (P < 0.001) and moderate activity (P < 0.001) were statistically significant. Furthermore, the results showed that the difference in the mean values of the variations of the skin temperature in the activity time than the rest time with cooling vest and without cooling vest during both activities was statistically significant (P < 0.05).
There was a significant difference for the mean values of sweating rate with cooling vest and without cooling vest during light activity (P = 0.01) and moderate activity (P = 0.018). The percentage of the reduced sweating rate was 31% and 33% during light activity and moderate activity with cooling vest, respectively.
DISCUSSION
The results showed that the difference between the mean values of heart rate, oral temperature, skin temperature, and sweat rate of the participants with and without cooling vest in this study have been affected by the cooling vests and the difference has not relationship with the climatic conditions. In fact, this cooling vest , March 05, 2016, IP: 176.102.248.9] creates a cooling micro climate to absorb the metabolic heat and prevent from the thermal exchange between the user and the external environment. [23] In exposure to hot condition, core-skin temperature gradient decreases and it causes an increase in diameter of the blood vessels near to the skin and increases blood flow and heat dissipation. [24] The designed cooling vest absorbs the transferred heat by blood vessels near to the skin through conduction and convection mechanism and decreases the skin temperature. [16] Then. the body core-skin temperature gradient increases due to the cooling effect of cooling vest. In fact, this temperature gradient between the skin temperature and the core temperature of the body can significantly increase the heat transfer and thereby reduce the core temperature of the body and consequently the oral temperature. [24] Because the melting point of the prepared paraffin compound was sufficiently lower than skin temperature, the significant heat transfer occurred. [25, 26] Gao et al. recommend that the temperature gradient between the cooling vest and the skin surface be more than 6°C under hot conditions. [25] The results of this study showed that the temperature gradient of the designed cooling vest is >6°C. Moreover, some of the studies show that there is a good correlation between body temperature and the heart rate. Therefore, the decreased core temperature can reduce the heart rate. [27] These assumptions are supported by our results to indicate the skin temperature of the torso, the oral temperature, and the heart rate have significantly reduced in light and moderate activities with cooling vest than activities without cooling vest. Furthermore, the diagrams in the results section show that the skin temperature, oral temperature, and heart rate increase with lower speed during the light and moderate activities with cooling vest than activities without cooling vest, and it could be due to the above reasons. On the other hand, the results showed that the reduced sweating rate was 42% and 52% during light activity and moderate activity with the cooling vest, respectively which can prevent dehydration during activity. The dehydration can cause fluid and electrolyte imbalance in the body and lead to the heat-related illnesses. [28] In general, the results showed that the cooling vest can reduce the heat strain by controlling the above parameters. Since torso has the highest capacity for the dissipation of the heat in compared to the other areas of the body. [29] There are several studies that show the effectiveness of the paraffin cooling vest on heat strain. In the study of Jovanovic et al., in 2013, was used the pure paraffin (n-hexane) with the range of phase change temperature of 13.8-21.2°C, the peak of the melting point of 18°C and the latent heat of melting of 237 kJ/kg. The said study conducted on 10 male trained soldiers under the temperature of 40°C on treadmill with speed 5.5 km/h. The results showed that the cooling vest was able to reduce the physiological strain through reducing the skin and rectal temperatures. [30] Of course, the pure paraffin is expensive and has not commercial and industrial usage. While the designed paraffin cooling vest was manufactured from the cheap commercial material. The results of this study showed that the latent heat of the prepared paraffin compound was 108 kJ/kg. This latent heat is lower than the latent heat pure paraffin (n-hexane) in the study of Jovanovic et al., this low latent heat of designed cooling vest limit the duration time of usage. However, the higher range of phase change temperature and the higher peak of the melting point in designed cooling vest than n-hexane increase the duration time of cooling effect and reduce irritation by chill. Also, Chou et al. examined the performance of the pure paraffin cooling vest on eight students under the firefighting cloth in Ta of 30°C and RH of 50%. the result showed that the pure paraffin cooling vest with melting temperature of 28°C was effective in reducing the rate of heat storage in subjects. [31] In other study, Bendkowska et al. examined the cooling effects of the pure paraffin cooling vests (hexadecane with melting temperature at 18°C and octadecane with melting temperature at 28°C) on a thermal manikin in Ta of 20°C and RH of 50%. The results showed that both the cooling vests can control heat stain. [16] The results of the present study were agreement with the results of the above studies, but the latent heat of the designed cooling vest was lower than pure paraffin cooling vest in other studies.
Moreover, the results showed that the skin temperature was close to the natural skin temperature when the participant used cooling vest. Hence the cooling packs do not cause the skin irritation due to extreme coldness. Because this prepared paraffin compound has a high melting point, the low energy is needful for recharging the prepared paraffin compound and the paraffin packs only require a refrigerator to recharge. [26] In general, a disadvantage for the prepared commercial paraffin compound was the low latent heat in compared to the pure paraffin materials. Of course, the price of the commercial paraffin is very lower than the pure paraffin. The low latent heat reduces the duration of the cooling effect but, on the other hand, the duration of the recharging decreases. [25] 
CONCLUSIONS
The pure paraffin is expensive and has not commercial and industrial usage. Because of this, the cheap commercial paraffin compound was used in this study. However, the results showed that the use of cooling vest containing the commercial paraffin compound can reduce the heat strain through reducing heart rate, oral temperature, skin temperature, and sweating rate. This cooling vest with the proper melting point close to the skin temperature does not irritate the skin due to coldness. Hence, this type of cooling vest with low cost can be used to prevent heat strain and to increase the physiological stability against the heat. However, the disadvantage of the commercial paraffin compound was the low latent heat in compared to the pure paraffin materials. Hence, a matter with high latent heat such as ice must be used on side the commercial paraffin compounds in the packs of cooling vest for increasing latent heat.
